The delayed hypersensitivity response of guinea pigs to Bacillus Calmette-Guerin (BCG) and myxovirus vaccines was investigated by use 
The delayed hypersensitivity response of guinea pigs to Bacillus Calmette-Guerin (BCG) and myxovirus vaccines was investigated by use test . In mumps-inoculated animals, skin testing gave rise to erythematous delayed skin reactions which varied from 0 to 20 mm in size. Migration inhibition could be demonstrated in 7 of 21 animals. In almost all guinea pigs inoculated with BCG, large, indurated, erythematous skin reactions were elicited, and inhibition of macrophage migration was readily demonstrated. The degree of skin reactivity was positively correlated with inhibition of macrophage migration. If the skin reaction to a specific antigen exceeded 9 mm of erythema, that antigen also inhibited macrophage migration. Skin testing proved to be the most sensitive indicator of viral hypersensitivity. Migration inhibition was demonstrated only when a greater than 8-mm skin reaction was evoked. This cellular hypersensitivity appeared to be a qualitative phenomenon, the expression of which could be heightened by the use of adjuvant. The applicability and sensitivity of the migration inhibition technique is considered relative to its use for in vitro monitoring of effects of viral vaccine inoculations.
In recent years, in vitro techniques have found greater applicability with respect to the determination of delayed hypersensitivity. Blast transformation of sensitized lymphocytes (11, 12) and inhibition of macrophage migration (1, 3) have received the widest attention. Most investigation with these techniques has been to elucidate the precise mechanism of the delayed hypersensitivity reaction in these in vitro models with subsequent application to human beings. Tuberculin sensitivity and the response to semisynthetic proteins have received the most study (3, 4) . Little information is available with respect to hypersensitivity to viral antigens after infection with live virus or immunization with inactivated viruses.
Among the viruses, vaccinia (7), herpes (13) , and mumps (6, 9) have been discussed most often with regard to the development of hypersensitivity. Experimental data to support and clarify the role of hypersensitivity to these viruses are fragmentary and generally speculative. Recent reports of adverse reactions with virus vaccines have added impetus to the need for study of the immunological mechanisms in these responses (2, 8, 15 Representative biopsies were taken of the mumpspositive skin test, the tuberculin reaction, and normal guinea pig skin. After Formalin fixation, the biopsy specimens were imbedded in paraffin, and sections were cut and stained with hematoxylin and eosin. These biopsy samples were evaluated microscopically with respect to tissue abnormalities and cellular infiltration.
In vitro test for hypersensitivity by macrophage migration inhibition. The in vitro measurement of delayed hypersensitivity was made by use of the technique of migration inhibition of sensitized peritoneal exudate cells. Guinea pigs were injected intraperitoneally with 30 cm3 of sterile paraffin oil. After 3 days, the peritoneal exudate cells were collected, washed twice in BSS, and resuspended in medium 199 containing 1% glutamine and 15% normal guinea pig serum. The cells were packed in capillary tubes by centrifugation at 500 X g for 2 min. The tube was then broken at the interface of the cells with the fluid medium and the cell button was anchored with silicone grease in a Sykes-Moore culture chamber. Each chamber was filled with maintenance medium (medium 199, 1% glutamine, and 15% homologous guinea pig serum) to which specific viral antigens had been added. The concentrations of viral antigens in the chamber fluid were 2 X 104 TCID50 of parainfluenza type 2 (MK7), 2 X 1O4 5 TCID50 of RS (BK25), and 2 X 105 TCID50 of mumps (MK4); 12.5 1Ag of PPD was used. Each antigen was always tested in duplicate. After incubation at 37 C, the extent of migration was observed at 24, 48, and 72 hr, and the degree of inhibition by the test antigen was recorded as 0 to 4+. A migration inhibition test was considered positive when the radius of migration of sensitized cells in the presence of antigen was less than 50% that of cells from the same harvest without viral antigen. In control cultures and in the presence of heterologous antigens not used to immunize the animal, sufficient migration of cells generally occurred within 24 to 48 hr, at which time the differences between the test and control chambers were scored. The relation of the in vitro inhibition of cell migration to the intensity of the skin test reaction with the same antigen is shown in Fig. 2 2 and mumps for skin test response, and migration inhibition was observed in two of three instances in which the skin reaction was 8 or 9 mm. DISCUSSION The role of delayed hypersensitivity in the pathogenesis of viral disease has been studied in only a few models of viral infection. Among the virulent viruses of man, vaccinia (7), measles (8), herpes (13) , and mumps (6, 9) have had some investigation relative to the induction of hypersensitivity. Passive transfer experiments and viral skin testing have been the major research tools in the study of this cellular hypersensitivity because of the paucity of available in vitro techniques. Wasserman (17) observed that the addition of mumps virus to peripheral blood, after centrifugation in a capillary tube, markedly inhibited migration of the buffy coat cells. In the absence of antigen, the cells migrated well. The inhibition of migration was nonspecific, however, because cells taken from nonsensitized animals were similarly inhibited by the viral antigen. Glasgow and Morgan (9) made use of the in vitro technique employed by Rich in his original demonstration of delayed hypersensitivity in vitro (16) . Spleen explants taken from control and mumps-sensitized animals were cultured in the presence of mumps viral antigen, and the extent of macrophage integrity and migration was noted. Cells taken from animals sensitized to mumps virus were consistently inhibited in their migration in the presence of mumps virus. Migration of nonsensitized cells was not affected by the viral antigen.
RESULTS
In our results, the intensity of delayed erythema was used as the index of hypersensitivity in the skin test. It appeared to be a valid and specific reflection of hypersensitivity. Induration could not be appreciated grossly as a part of the skin test response, but the microscopic appearance of the mumps skin reaction was entirely similar to that induced by tuberculin. It is logical that the hypersensitivity reaction proceeds from erythema (8, 15) and RS virus vaccine trials (2) . The appearance of hemorrhagic measles and severe respiratory disease when vaccinated individuals become naturally infected with these viruses raises the possibility of a vaccine-induced immune hypersensitivity response of a type not normally seen when these infections are acquired naturally. Lennon and Isacson (14) have shown the induction of delayed hypersensitivity in humans, as measured by skin testing to both measles and polio virus after vaccination with virus alone. In all studies so far, however, the intensity of the reactions to viruses has been far less than that elicited by tuberculin.
